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Anti-hvdrating and Sulfur-resistant Catalyst for CO-Shift 
Procesi [ and Preparation Method Thereof 

Abstract 

The invention relates to a sulfur-resistant catalyst for Co shift process and the preparation 
• method thereof, comprising cobalt and magnesium compounds as active components, an alkali 
metal compound as promoter, a porous aluminum compound and a porous magnesium compound 
5 or the combination thereof as the skeletal material of the carrier, and one or more compounds 
selected ftom the group of rare earth metal compounds, especially nitrates thereof; and tine 
compounds as the anti*ydrutio» assistant, and the titanium compound, wherein the content of 
said titanium compound in the carrier is controlled in the range of 30-80 wt % based on mass 
percent and calculated as titanium dioxide; and the preparation method as described in the 
10 specification. 
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The following statement Is a full description of this Invention, Including the 
best method of performing It known to me/us :- 
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Preparation Method thereof 

;! „..,,^ - - p - m - ,nd 

preppralion mpftol of tt« cpulytt. 
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lower temperature, it showed poor ao y v Hpr * hi sh steam partial pressure, 

_ 4 . rMim Q049 that is, when used under a high steam pai f 
in the Chinese Patent CNiOlSWy , man , resll itine in phase 

changes and deact.vat.on of the catalytic. s we 
i . MM «f- a carrier consisting of MgO, Al 2 u 3 anu 
5 under high steam partial pressure, a earner e g CN1096494 , wh ich 

^-resistant shift catatyst for it does not ^ ** me t^ e P 



The catalyst prepared by this method showed high strength, high stability and good 
regeneration performance which may be the result of the formation of spinel structure 
during calcination of MgO and A1 2 0 3 . The addition of alkali metal compounds in the 
preparation contributes to the good activity of the catalyst at low temperature, but its anti- 
5 hydratability is poor. 

At present, in the projects of "substituting oil with coal" as feedstocks in large-scale 
fertilizer plants and the expansion and revamping of production facilities of medium-scale 
plants, most of them have been designed to choose coal as raw material, 4.0MPa 

10 gasification unit , three-stage sulfur-resistant shift process (medium temperature shift in 
series with low temperature shift) and followed by methanation purification. In such process 
of low-temperature shifting technology, the catalyst must be operated under the severe 
conditions of high pressure, high steam partial pressure and low temperature, which is often 
in the range of not more than 20*C from the dew point. That means the sulfur-resistant shift 

15 catalyst should possess not only good activity at low temperature but also good anti-hydrat 
ability as well as structural stability. 

The aim of the present invention is to provide a catalyst having good 
anti-hydratability, low temperature activity and structural stability, and is free 
20 from hydration and phase change when it is used under the severe conditions 
mentioned above. 

The sulfur-resistant conversion catalyst according to the present invention 
comprises cobalt and molybdenum compounds as active components , an alkali 
metal compound as a promoter, a porous aluminum compound, a porous 

25 magnesium compound or the combination thereof as the skeletal materials of 
the carrier, and one or more compounds selected from the group of rare-earth 
metal compounds, preferably nitrates thereof, and zinc compounds, preferably 
zinc oxide and zinc nitrate, as an anti-hydrating assistant in combination with a 
titanium compound , wherein the content of the titanium compound in the 

30 carrier is controlled preferably in the range of 30wt% ~* 80wt%, calculated 
as Ti0 2 , thus a sulfur-resistant catalyst for CO-shift process is unexpectedly 
obtained having excellent anti-hydratability, good low temperature activity 
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and structural stability. 

The contents of the cobalt and molybdenum compounds as the active 
components in the catalyst are MoC, 5wtH~2«hrt% and CoO 0.5wt% ~Sw.£ 
and the content of the alkali metal promote, in the catalyst is 
5 (calculated as oxides), said alkali metal may be potassium or sodium As for 
th e selection of the percent range of active components and the alkah metal 
remoter, see the Chinese Patent CN1018049, CN1042482 and CN104S 89. 

Said porous aluminum compounds used as the skeletal matena. tn the 
invention may be aluminum hydroxide, pseudoboehmite, gibbsite or alum.na. 
w preferably aluminum hydroxide or pseudohoehmite. Said porous magnestum 
compounds of the invention may be magnesium hydroxide, magnestum 
carbonate, magnesium oxide, magnesium nitrate, preferably magnes.um 
carbonate or magnesium oxide. The combination of any two or more 
compounds mentioned above may also be used as the skeletal matenal 
15 said zinc compounds may be zinc oxide or heat-decomposable z.nc 

compounds such as zinc nitrate, zinc carbonate, and the like, wh.ch can be 
decomposed into zinc oxide when being heated. Said anti-hydrat.on ass.stant 
used in the invention may be nitrates or oxides of lanthanum, nitrates or ox.des 
of cerium, zinc nitrate and zinc oxide and the Hke, or the mixture of any two or 
30 more compounds mentioned above, preferably lanthanum nitrate, lanthanum 

oxide or zinc nitrate. 

If B rare earth compounds is used as the a„ti-hydrat,on ass.stant, rt 
content should be 0.01wt%~ 10wt% of the total weight of the calcned 

carrier, calculated as oxides. 
25 If zinc compound is used as the anti-hydration assistant, its content should 

he preferably 0.10wt%-10wt%t of the' total weight of the calcined earner, 

calculated as oxides . 

The content of the titanium compound calculated as titamum d.oxrde 
preferably in the range of 30wt% ~ 80wt% of total weight of the calcned 
30 carrier. 

The titanium compounds used in the present invention may be Utantum 
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dioxide, titanium hydroxide, metatitanic acid, titanium tetraoxide, rutile or 
anatase or the mixture of any two or more substances thereof, preferably 
metatitannic acid. 

The preparation process of the carrier of the catalyst of the present 
5 invention is illustrated as follows. Said porous aluminum compounds and 
porous magnesium compounds are mixed with the anti-hydration assistant 
selected from one or more of said rare earth metal compounds, preferably 
nitrates thereof, and said zinc compounds, preferably zinc oxide and zinc 
nitrate, then the resultant mixture is decomposed by calcination, and crushed; 

10 subsequently the resultant mixture is mixed in dry state with the titanium 
compound, and the resultant blend is extruded and calcined to obtain the 
carrier of the catalyst; a co-impregnation solution is prepared by mixing the 
molybdenum and cobalt compounds as the active components and the alkali 
metal compound, and the obtained carrier is impregnated with the resultant 

15 co-impregnation solution, then the impregnated carrier is calcined and 
decomposed to obtain the anti-hydrating and sulfur-resistant conversion 
catalyst of the present invention . 

A peptizer can be added while the mixture mentioned above and the 
titanium compound are mixed. Said peptizer may be nitric acid, the aqueous 

20 solution of nitrates of alkali earth metals, the aqueous solution of nitrates of 
alkali metals, the aqueous solution of sulphates of alkali metals, or the solution 
of any two or more mixtures thereof, preferably nitric acid or the solution of 
potassium nitrate. Said peptizer may also be a solid peptizer, such as oxides of 
alkali earth metals, hydroxides of alkali earth metals or sulfides of alkali earth 

25 metals. 

When the sulfur-resistant conversion catalyst of the present invention is 
used under a severe condition of 20X2 below dew point, no hydration and no 
phase change happen to the catalyst, showing that the catalyst has higher anti- 
hydratability and structural stability, but when the commercial catalysts for 
30 low temperature conversion, e.g. C 25 . 2 . 02 , QCS-02 and EB-4 and the like are 
used under the same conditions, they all suffer from phase change (see 
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t ,a the oroduction cost can be reduced significantly. 
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Fic l shows a phase change diagram before and after the y 
treat I e 8 n t of ! catafyst CT-4 of the invenUo, .here, a: hefore hydrotherma, 

after T^lTr g l hefore and after the hydrotherma, 
l0 Fig 2. shows a phase change diagram 

treatment of several commercial and convention ! ca a s^wh 

• i ratalvst EB-4; b: fresh commercial catalyst QCS 02, 
commercia catalyst EB ^ ^ 

commercial catalyst C 15 .j 02 » u • ^ w f- 

ZL* « — — — - QCS - M ' f " r hyto ' h 

. 1 ,«i ve t r after hydrothermal treatment. 

- ™: rr x - — 

hydrothermal treatment; b. CT-2 alter ny 
hydrothermal treatment; d: CT-4 after hydrothermal treatment. 
JO Example 1 ■■ .Preparation of the catalyst 

(l)Preparation of the carrier 

CarriCr ^ A with lOg of La l0j and mixed with 200g of 

A solution was prepared with lOg La, ». 7O 0-Cfor 2 

Al(OH)j and lOOg of MgCO,. The resultant blond was calcined at 700*for 
Alton;, a * ^-v.* 400k of metatitanic acid was 

, ..a ... — f~ tJdedi lhc „„„„, 

„,»»„ ... k~M -d .-.n.d.d »d <h. «.«.d.d ta » «... ..'.» S 

; - .....>•• — - - *» a "* ,iid " 

composition is shown in Table I. 
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Carrier Z-2 




The preparation procedures were same as those for Carrier Z-l, except that 
the aqueous solution containing 30g of zinc nitrate was used instead of the 
aqueous solution of La 2 0 3 . The catalyst carrier obtained was marked as Carrier 
Z-2. Its composition is shown in Table 1. 
5 Carrier Z-3 

The preparation procedures were same as those for Carrier Z-l, except that 
200g of metatitanic acid was used instead of 400g of metatitanic acid and that 
the weight of MgCOj used was Og instead of lOOg. The catalyst carrier 
obtained was marked as Carrier Z-3. Its composition is shown in Table 1. 
10 Carrier Z-4 

The preparation procedures were same as those for Carrier Z-2, except that 
200g of metatitanic acid was used instead of 400g of metatitanic acid. The 
catalyst carrier obtained was marked as Carrier Z-4. Its composition is shown 
in Table 1. 
15 Carrier Z-5 

The preparation procedures, were same as those for Carrier Z-l, except that 
36g of La 2 0, was used instead of lOg of La 2 0 3 , the weight of Al(OH) 3 used 
was Og instead of 200g, and 200g of titanium hydroxide and 200 g of 
metatitanic acid were used instead of 400 g of metatitanic acid used in Z-l. The 
20 catalyst carrier obtained was marked as Carrier Z-5. Its composition is shown 
in Table 1. 

Carrier Z-6 

The preparation procedures were same as those for Carrier Z-2, except that 



the weight of zinc nitrate used was 90g. lOOg of MgO was used instead of 100 g 
M gC03, and the weight of metatitanic acid used was 200g. The catalyst carrier 
obtained was marked as Carrier Z-6. Its composition was shown in Table I. 
Carrier Z-7 

, The preparation procedures were sane as those for Carrier Z-1, except that 

as Carrier Z-7. Its composition is-stawn-hr-Table 1. 
Carrier Z-8 

^preparation procedures were sa^e as those for Carrier Z-2. exceprthat 

marked as Carrier Z-8. Its composition is shown in Table 1. 
(2)Preparation of the catalyst 

A eo-impregnation so.ution was prepared with 55g of ammonium 
m0 lybdate, 5.0g of cobalt nitrate and 50g potassium carbonate, then 50g of 
15 each of the carriers obtained as mentioned above was impregnated 

resp ec,ive.y in said co-impregnation solution, then calcined and 
decomposed under 400C, to obtain the catalysts which are marked as CT- 
1, CT-2, CT-3, CT-4, CT-5, CT-6 CT-7 and CT-8 correspondingly. 
Example 2 Performance test of the^atalyjt 
20 in a pressurized evaluation apparatus packed with the original grains of 

th e catalyst, the catalysts of the present invention and the commercial catalysts 
were treated hydrothermally in a medium consisting of hydrogen and steam 
at a temperature which was 18-201C apart from the dew point ( i.e. pressure: 
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4.0 MPa, temperature: 220~~222*C, space velocity: 2000b* 1 , and a water/gas 
ratio: 0.7) for 72 hours, then phase changes of the catalysts were determined. 
The results are shown in Figs. 1, 2 and 3. From Fig. 1 and Fig. 2, it can be seen 
that no phase change occurred basically and no hydration peaks appeared after 
5 hydrothermal treatment of the catalyst CT-4 of the invention. This 
demonstrates that no hydrated aluminum hydroxide was formed after 
hydrothermal treatment, but for all the commercial catalysts C 2S . 2 _ 02 , QCS-02 
and EB-4, the hydration peaks (i.e. the peaks appearing between 10* *~ 20* ) 
appeared after hydrothermal treatment, showing the occurrence of hydration of 

10 these catalysts. From Fig. 3, it can be seen that no hydration occurred and no 
hydration peaks formed for all the catalysts CT-1, CT-2, CT-3 and CT-4 of the 
present invention after hydrothermal treatment. 

Then, the strength of each fresh sample, boiled sample and hydrothermally 
treated sample of the catalysts of the present invention and the commercial 

15 catalysts was measured respectively. Data obtained are shown in Table t, from 
which it can be seen that each of the catalysts of the present invention has not 
only superior initial strength to that of the commercial catalyst C 2J _ 2 . 02 . but also 
higher strength retention rate after being boiled or hydrothermally treated, 
showing that the catalysts of the present invention have excellent strength 

20 stability. 

Example 3 Running test of the catalysts 

A simulation evaluation of the catalyst CT-4 of the invention was carried 
out under the following conditions, and the results are shown in Table 3. 



Evaluation conditions: the amount of catalyst loaded was 50 ml, and was 

Al 2 0 3 bead/catalyst of 1 : 1. 

Summation conditions: pressure: l.SMpa, temperature: 260*. space 

5 velocity: lOOOn"', and sulfurizing time: 20 nr. 
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Table 3 



Pressure 


Space 


Ratio of 




CO 


CO shift 


(MPa) 


velocity 


water/gas 


(TC) 


% (Vol ) 


(%) 










Inlet 


Outlet 




1.5 


1000 


1.0 


260.6 


5.89 


0.47 


91.58 


3.8 


3000 


0.76 


260.0 


5.49 


0.36 


93.11 


3.8 


2000 


0.76 


260.1 


5.41 


0.27 


94.75 


3.8 


2000 


0.63 


260.0 


5.41 


0.30 


94.16 


3.8 


2000 


0.63 


220 


5.20 


0.34 


93.14 


3.8 


2000 


0.63 


215 


5.29 


0.30 


94.04 


3.8 


2000 


0.63 


210 


5.16 


0.28 


94.31 


3.8 


2000 


0.63 


210 


3.77 


0.20 


94.51 


3.8 


2000 


0.63 


210 


1.67 


0.10 


94.52 


3.8 


2000 


0.63 


205 


3.44 


0.21 


93.69 
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Th© c!=!ms doflr&G ft© inven£;n ss cs aSr.-* 

claims: 

1. A su.fur-resistant shift catalyst, comprising cobalt and molybdenum 
compounds as the active components, an alkali metal compound as a promoter, 
a porous aluminum compound, a porous magnesium compound or a combination 

5 thereof as the skeletal msteria, of the carrier of the catalyst, one or more 
compounds selected from the group consisting of rare earth meta, compounds 
and zinc compounds as the anti-hydration assistant, and a titanium compound, 
wherein the content of titanium compound is in the range of 30 wt%~80 wt % 
o„ the basis of the total weight of the calcined carrier, calculated as titanium 

10 dioxide . 

2. The catalyst according to claim 1. wherein the contents of said cobalt 
compounds and molybdenum compound as the active components of the 
catalyst are MoO, 5 wt % ~20 wt%. CoO 0.5 wt%~ 5 wt% on the basis of the 

total weight of the catalyst. 

3. The catalyst according to claim I, wherein the content of said alkali 
me tal promoter is 0.1 wtS-20 wt% on the basis of the total weight of the 
catalyst, calculated as the alkali metal oxide, and said alkali meta, may 

potassium or sodium. 

4. The catalyst according to any one of the claims 1-3, wherein the content 

, . ... 10 wt% of the total weight of 

20 of said rare earth metal compounds is 0.01 wt/. 10 wt% 

the calcined carrier, calculated as the oxide. 

5. The catalyst according to any one of the claims 1-3. wherein said anti- 
hydration assistant is one or more compounds selected from nitrates or oxides 
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of lanthanum, nitrates and oxides of cerium. 

6. The catalyst according to any one of the claims 1-3, wherein said anti- 
hydration assistant is nitrates or oxides of lanthanum. 

7. The catalyst according to claim 6, wherein the content of said nitrates 
5 or oxides of lanthanum is 0.01 wt%^ 10 wt% of the total weight of the calcined 

carried, calculated as oxide. 

8. The catalyst according to any one of the claims 1-3, wherein said zinc 
compound is one or more compounds selected from zinc oxide and heat- 
decomposable zinc compounds which can be decomposed into zinc oxide when 

10 being heated. 

9. The catalyst according to any one of the claims 1-3, wherein said anti- 
hydration assistant is zinc nitrate or zinc oxide. 

10. The catalyst according to any one of the claims 1-3, wherein the 
content of zinc compounds is 0.10 wt%~10 wt% of the total weight of the 

15 calcined carrier, calculated as oxide. 

11. The catalyst according to any one of the claims 1-3, wherein said 
titanium compound is one or more substances selected from the group 
consisting of titanium oxide, titanium hydroxide, metatitanic acid, titanium 
tetraoxide, rutile or anatase. 
20 12. A method for preparing the sulfur-resistant catalyst for CO-shift 

process according to anyone of claims 1-11, comprising the following steps: 

a. mixing the porous aluminum compound and/or porous magnesium 
compound with one or more compounds selected from the group consisting of 



of rare earth ..Ul compounds and zinc compounds as the anti-hydration 
assistant, and calcining the resu.tant mixture, then crushing the decomposed 
solid; 

b. mixing in dry state the mixture obtained in step a) with the titanium 
5 compound, then extruding the resultant blend into bars, and calcining the 
extruded bars to obtain the catalyst carrier; and 

c. preparing a co-impregnation solution with the molybdenum and 
cobalt compounds as the active components of the catalyst and alkali 
me tal compound, impregnating the carrier obtained in step b) with the 
M solution, then calcining and decomposing the impregnated carrier. 

13. The method according to claim 12, wherein said porous aluminum 
compounds and magnesium compounds are one .or more compounds 
selected from the group consisting of aluminum hydroxide, 
pseudoboehmite, gibbsite, alumina, magnesium hydroxide, magnesium 
is carbonate, magnesium oxide and the like. 

14, The method according to claim 12, wherein said anti-hydration 
assistant is one or more compounds selected from nitrates or oxides of 
lanthanum and nitrates or oxides of cerium. 

15. The method according to claim 12, wherein said titanium 
20 compound is one or more substances selected from the group consisting of 

titanium oxide, titanium hydroxide, metatitanic acid, titanium tetraoxide, 

rutile and anatase, 

16. The method according to claim 12, wherein the content of said 
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rare earth metal compound is 0.01wt%-10wt% of the total weight of the calcined carrier 
(calculated as oxide). 

17. The method according to claim 12, wherein the content of said zinc compound 
is 0.1wt%-10wt% of the total weight of the calcined carrier (calculated as oxide). 

1 8. The method according to claim 17, wherein said zinc compound is one or more 
compounds selected from zinc oxide and heat-decomposable zinc compounds which can be 
decomposed into zinc oxide when being heated. 

19. The method according to claim 17, wherein said zinc compound is zinc nitrate 
or zinc oxide. 

20. The method according to claim 12, wherein said rare earth metal compounds are 
nitrates or oxides of lanthanum. 

21. A sulfur-resistant shift catalyst, substantially as hereinbefore described with 
reference to any one of the examples. 

22. A method for preparing a sulfur-resistant shift catalyst, said method being 
substantially as hereinbefore described with reference to any one of the examples. 

Dated 15 July, 1999 
China Petro-chemical Corporation 

Qilu Petrochemical Corporation, SINOPEC 



Patent Attorneys for the Applicant/Nominated Person 
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FIG. 3 



